SUMMARY Cerebral hemorrhage, an unusual complication of endarterectomy, is often attributed to postoperative hypertension. A patient with a middle cerebral artery stroke had a hemorrhage without hypertension, 2 days postoperatively. Pronounced contrast enhancement of the infarction during the 7 weeks prior to surgery reflected severe disruption of the blood-brain barrier. Contrast CT scans may detect patients at risk for post-endarterectomy hemorrhage even 2 months after a stroke or TLA. Stroke Vol 17, No 5, 1986 CEREBRAL HEMORRHAGE is a rare occurrence after carotid endarterectomy, usually ascribed to postoperative hypertension, and generally occuring in the region of recent infarction. We report a patient whose CT scan showed infarction with pronounced and prolonged contrast enhancement; a postoperative hemorrhage, seven weeks after the stroke, was unassociated with hypertension. Marked contrast enhancement may indicate extensive damage to vessels within or surrounding the infarction, perhaps warranting routine contrast infusion scans prior to an endarterectomy and delay of the procedure until enhancement subsides.
circulations were normal. Specifically, there was no increased vascularity in the region surrounding the infarction.
Four weeks after the stroke, a CT scan (10 minute intravenous infusion of 300 ml of Urovist) showed gyriform and some white matter enhancement in the superior division of the right middle cerebral artery and anterior and lenticulostriate territories ( fig. 1) . A noncontrast scan 3 days later showed no definite hemorrhage and outlined the infarction. Because of prominent contrast enhancement, the right carotid endarterectomy was deferred. Aspirin was discontinued and intravenous heparin was begun. A CT scan with contrast infusion (same dose), 5 weeks and 4 days after the stroke, showed approximately the same degree and distribution of enhancement. Six weeks and 4 days after the stroke, a CT scan with contrast infusion (same dose) showed prominent but reduced gyral enhancement ( fig. 2 ) Heparin was continued; PTT was between 42.5 and 95.4 seconds.
A right carotid endarterectomy was performed seven weeks after the stroke with an intraoperative shunt and EEG monitoring, without complications. During the 3 weeks prior to surgery, blood pressure remained between 120-160 mmHg systolic and 60-90 mmHg diastolic. Mild postinduction hypotension, 120/60 mmHg, was treated with neosynephrine. Heparin 3000 U was given intravenously after dissection of the vessels. The shunt was opened 4 minutes after clamping. Hypertension (165/85 mmHg) during the last 15 minutes of surgery was treated with intravenous nitroglycerin. The patient awakened quickly. Blood pressure measured every 15 minutes in the recovery room remained below 130 mmHg systolic except for 2 hours following surgery, when blood pressure of 190-220/ 80-100 mmHg responded to topical and intravenous nitroglycerin. Blood pressure remained normal without antihypertensive medication beyond the immediate postoperative period. Heparin was not restarted. Forty-four hours after the endarterectomy, he had a tonicclonic convulsion of the left arm with head deviation to the left, responding to intravenous anticonvulsants. A brief period of hypotension followed phenytoin administration. A CT scan showed hemorrhagic regions within and adjacent to the previous infarction, including a small round frontal hemorrhage partly within the anterior cerebral artery territory ( fig. 3) ness improved gradually over the following days. A CT scan without contrast 6 days later was unchanged and noninvasive carotid studies showed a patent endarterectomy.
Two months after the endarterectomy he was normal except for slight left arm weakness. He was admitted for evaluation of chest pain and the following morning had a seizure with blood pressure briefly reaching 200/100 mmHg; it was uncertain if hypertension preceded the convulsion. A CT scan showed a hemorrhage with a gyriform pattern over the left frontal convexity largely within the anterior cerebral artery territory ( fig. 4) . A contrast scan showed slight enhancement surrounding the hemorrhage. He again made a good recovery. Transcranial doppler studies 5 days after the hemorrhage showed flow in the right anterior cerebral artery towards the left (opposite to preoperative) with approximately the same peak and mean velocities in the middle cerebral artery as preoperatively.
Discussion
Cerebral hemorrhage occurs infrequently after carotid endarterectomy; 0.6% in a large series two decades ago, 1 state that hemorrhage is a risk only in the several weeks following a stroke. 36 Breutman has suggested that postoperative hemorrhage has several possible origins, emphasizing "luxury perfusion" seen on the CT scan as the most important cause. 17 Our patient had hemorrhages in the region of a 7 week old infarction, 2 days and again 2 months after endarterectomy, without immediately preceding hypertension. Prominent contrast enhancement surrounding the infarction may have indicated breakdown of the blood-brain barrier or excessive regional perfusion.
The mechanism of prominent contrast enhancement is uncertain. It has generally been attributed to disruption of the vascular barrier rather than luxury perfusion or loss of autoregulation, both phenomena that occur earlier and should not have persisted for so long in our patient. A relation of contrast enhancement to elevated cerebral blood flow and convulsions or hemorrhages after endarterectomy has been suggested but is uncertain.
2 Ipsilateral headache following endarterectomy may also be related to hyperperfusion of a previously hypoperfused hemisphere. Endarterectomy in a normotensive man resulted in a fatal cerebral hemorrhage with pathological changes resembling hypertensive encephalopathy only on the operated side. 4 The frequency of contrast enhancement in cerebral infarction, up to two-thirds by the fourth week, The nature of the hemorrhage is similar in most cases following endarterectomy. A heterogeneous, sometimes widespread lesion occurs, and convulsions are common at the outset. The degree and duration of contrast enhancement of the infarction in our patient led to repeated delay of the planned endarterectomy. In some reports, similar patterns of enhancement have simulated arterio-venous malformations.
'
n> 13 This probably represents extreme breakdown of the bloodbrain barrier, a common but less prominent feature after most strokes. Exposing the disrupted vasculature to normal or increased perfusion pressure may risk bleeding into the infarction. Perhaps postoperative hypertension causes bleeding in patients with less severely disrupted cerebral vessels; normotensive hemorrhages might occur only when there is a severe disturbance of vessels. Contralateral carotid occlusion in our patient may have caused a greater than usual blood flow on the operated side. It has been suggested, though pathological confirmation is lacking, that contrast enhancement indicates minimal hemorrhagic infarction not visible on an unenhanced CT. 14 This case of postoperative hemorrhage without hypertension does not diminish the need to prevent hypertension after endarterectomy. It may, however, be advisable to perform CT scans with contrast infusions if a stroke or TLA has occurred within several weeks of an endarterectomy. 7 Patients with contralateral carotid stenosis or occlusion may be at additional risk for postoperative hemorrhage.
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raphy scans in acute cerebral infarction. Neuroradiology 135: 13 655-662 12. GawkrodgerDJ, Penny ME: Cerebral infarction mimicking arteriovenous malformation on contrast computerised tomography. Brit J 14 Clin Prac 37: [273] [274] [275] 1983 Henrikson GC, Dushyant VP: Enhancing cerebral infarction simulating arteriovenous malformation on computed tomography. J Comput Assist Tomogr 9: 502-506, 1985 POSTOPERATIVE RESTENOSIS or thrombosis-occlusion occurs in 3% to 19% of endarterectomized carotid arteries, 1 " 9 and many of these occur early. Fortunately only 20 to 25% of restenosed carotid arteries identified after discharge from the hospital become symptomatic, 35 but this is still a major cause of late post-carotid endarterectomy morbidity and mortality. Similarly early postoperative thrombosis-occlusion plays a major role in neurologic morbidity and mortality. Refinement of perioperative care and the technical aspects of carotid endarterectomy have reduced the hospital morbidity and mortality of this operation to 1 to 3% for many surgeons and institutions, but the need for prevention of early postoperative thrombosis and restenosis is evident. The complexity and variability of extracranial carotid artery atherosclerosis, including long tongues of plaque extending up the internal carotid, small diameter arteries and atheroma in poststenotic dilations make the technical difficulty of carotid endarterectomy unpredictable prior to operation in many patients. come these problems and in some series used routinely. However, there is little data to support vein patching after carotid endarterectomy. The purpose of this study is to test the hypothesis that saphenous vein angioplasty reconstruction after carotid endarterectomy protects against early thrombosis-occlusion and restenosis when compared to a similar group of nonpatched carotid endarterectomies.
Methods Over a 30-month period, 209 carotid endarterectomies were performed on 188 patients by the author. Of these 200 were primary endarterectomies, 8 were operations for restenosis in symptomatic patients and one was an emergency procedure with attempted thrombectomy of an acute internal carotid occlusion. The data base for this study is the 200 primary carotid endarterectomies performed on 181 patients. The selection of patients for vein patch angioplasty was not randomized. Of the first 105 operations in this series only eight arteries had vein patch angioplasty, and of the last 95 only three arteries were not patched. The operations were performed at two community hospitals with essentially identical angiographic, operative and intensive care unit facilities and personnel. All procedures were performed in the entirety by the author. There were no differences in surgical technique during this time frame with the exception of vein patch
